INTRODUCTION
The capture and storage of water during high-water periods for use during low-water periods represents salvage of water which otherwise would be wasted and possibly would cause flood damage. The aggregate capacity of regulatory storage reservoirs in the United States (excluding those with capacities of less than 5,000 acre-feet) has increased from 33 million acre-feet in 1920 to 273 million acre-feet in 1953 (Thomas and Harbeck, 1956 ). The trend in reservoir construction for all purposes still steeply upward. The amount of water that is now made available for use by reservoir storage and the amount that can be made available by additional storage are estimated in this paper.
RELATION BETWEEN STORAGE CAPACITY AND REGULATION
A reservoir regulates streamflow for beneficial use by storing water for later release. Changes in storage are the measure of the work done by a reservoir. The term "regulation" is here defined as the amount of water that is stored or released from storage in a period of time, generally a year. For calculation purposes, regulation is the sum of all gains in reservoir contents. Because any gain in storage eventually is offset by a loss, the sum of the gains tends to equal the of the losses; therefore, regulation could also be defined as the sum of all the drafts on storage.
The ability of a reservoir to regulate river flow depends on the ratio of its capacity to the volume of river flow. The ratio of the capacity in acre-feet to the mean annual flowin acre-feetper yearisthe detention period of the reservoir and has the dimension of years.
The total of the gains in storage during a period of years, divided by the number of years, gives the mean annual regulation. Dividing the mean annual regulation by the usable capacity of the reservoir gives the ratio of the regulation to the capacity (the regulation-capacity ratio), and dividing it by the mean annual flow gives the ratio to the mean annual flow (the regulation-flow ratio).
The regulation provided by existing storage facilities can be determined by studying the records of typical reservoirs. A representative group of reservoirs is listed in table 1 with the usable capacity, detention period, and annual regulation of each. Reservoirs were selected to cover detention periods ranging from about 0.01 year to 20 years.
The relation between the ratios of mean annual regulation to capacity and of capacity to annual flow for the reservoirs in table 1 is plotted on figure 1. This figure shows that reservoirs with capacities of about 0.17 of a in which R is the mean annual regulation, Q is the mean annual river flow, and C is usable capacity. The form of this equatiQn parallelS that of the equations for storage, based on analogy with queues (Langbein, 1958) . The equation indicates that usable capacity would go to infinity if regulation, JY Q• we.re to approach unity. The equation may alsoserve as a guide for determining the capacity needed to obtain a specific amount of regulation.l lThe regulation, f3J.Q• can be computed from a comparison of the duratfO'ii' curve of the inflows into the proposed reservoir with the duration curve of the desired outflow from reservoir.
The relations illustrated by figures 1 and 2 seem to be well defined despite the substantial differences in stream regimen and in manner of operation.
EXISTING CAPACITY
Taking the reservoirs in the United States reported by Thomas and Harbeck (1956) Water control by storage t"oUows a law of diminishing returns. Each successive increment of control requires a larger amount of reservoir storage space than the preceding-increment. The net effect is iilustrated by figure 2. Storage capacity equal to a year's flow can regulate almost 40 percent of the flow, but doubling the capacity increases regulation only by about onethird. There is, therefore, a limit to the amount of storage that it is feasible to build with prospect of useful return.
Although in the East a considerable increase in usable water supply can be obtained by additional reservoir storage, some drainage basins in the West may already be approaching the limit.
For example, the capacity of existing reservoirs in the Colorado River basin is nearly 35 million acrefeet. Most of this capacity, which is in Lake Mead, is used to regulate the flow of the main stem. The regulatory capacity soon will be nearly doubled by the construction of Glen Canyon Reservoir, which will have a usable capacity of about 20 million acre-feet. But evaporation imposes a ceiling on potential river regulation in an arid climate. If, as in Lake Mead and as computed for the Glen Canyon Reservoir (U. S. Bureau of Reclamation, 1954) . annual evaporation averages about 27,000 acre-feet per million acre-feet of usable capacity, one can construct from figure 2 the following relation between storage capacity and net regulation for the Colorado River system: Capacity Annual -Net of reser-Annual evapora-attrtual Detention voirs in regulation tion regulaperiod system (million (million tion (years) on acre-feet) acre-(million acrefeet) acrefeet)l feet) lBased on annual flow of 13 million acre-feet. 2Approximate present main-stem development.
Selected detention periods are listed in the first column. The capacity was obtained by multiplying the detention period by the mean annual flow of the Colorado River. The annual regulation was obtained from figure 1, as shown in the following example: The regulation-capacity ratio for a detention period of 1 year is 0.37. Thus, 0.37 multiplied-by the capacity required for a detention period of 1 year, 13 million acre-feet, equals 4. 7 million acre-feet. The annual evaporation is based on the evaporation rate of 27,000 acre-feet per million acre-feet of capacity. The net annual regulation is the annual regulation minus the annual evaporation.
The net regulation indicates, insofar as main-stem regulation of the Colorado River is concerned, that the capacity of existing reservoirs and of those under construction (total nearly 50 million acre-feet) is near a theoretical optimum-the minimum capacity necessary to provide the maximum obtainable regulation-and that any increase in capacity will not increase the supply. Furthermore, this optimum is insensitive. There is no significant gain in net regulation between 29 and 78 million acre-feet of capacity. The gain in regulation to be achieved by increasing the present 29 million acre-feet to nearly 50 million acre-feet of capacity appears to be largely offset by a corresponding increase in evaporation.
These conclusions, based on figure 2 and reservoir evaporation as reported under operating conditions, reflect practical gains or losses in regulation of water by reservoirs. The present analysis deals only with the problem of water supply and is intended only to convey a principle. Appraisal of the benefits of such operations in power or irrigation is a separate problem.
FUTURE CAPACITY Woodward (1957) estimated that an annual increment of 9 to 10 million acre-feet of storage will be needed to meet anticipated increases in water use. This rate of increase will about double the present storage over the next 25 to 30 years, a rate that about parallels the rate of increase in the use of surface water. The estimated future development of storage in the United States is shown in figure 3 . The actual increase will depend on how strategically the reservoirs are installed.
The present reservoir capacity of 273 million acrefeet is equal to 0.195 of the annual flow of the rivers of the country. The total regulation is 190 million acrefeet. These data correspond to point A on figure 3. If, as indicated by the present rate of increase in use of surface water for all purposes, the need for regulated supply of water will double in the next 25 years, the regulated annual supply a quarter of a century hence will be 380 million acre-feet. If the storage facilities to effect this development are located most strategically, that is so as not to duplicate present or future installations, the capacity needed would correspond to point B on figure 3. This capacity would be twice the present capacity. However, if the new installations are in basins which already are intensively developed, the total capacity needed would be that corresponding to point C on figure 3, the line being parallel to the curveon figure 2. This be 1,200 million acre-feet, or about 4.5 times the present capacity. Thus, there is a wide range to challenge ingenuity in achieving efficient location of reservoirs.
CONCLUSIONS
Reservoir-storage development in the United States has made available for use about 190 million acre-feet of water or about 13 percent of the total river flow. The degree of storage development is highly variable. It is relatively greatest in the sparsely populated Colorado River basin and least in the populous Ohio River basin. The trend in construction of reservoirs in the United States is still steeply upward, but, as observed in Engineering News-Record (1958) , the point of ultimate development for hydroelectric power, irrigation, flood control, and navigation may be seen on the horizon. Water supply and pollution control may become the dominant objectives of water storage.
Although in the United States as a whole, substantial increase in water supply can be obtained by additional storage development, water control by storage follows a law of diminishing returns. There is a limit to the amount of storage that can be useful. The Colorado River basin is an example of a river basin where storage development may be approaching, if not exceeding, the useful limit. The prospect of a shift in emphasis toward water supply for towns and factories sharpens the need for added development of storage in the populated· regions of the country. Future needs for storage capacity to meet anticipated demands for water challenge ingenuity in achieving efficient location of the added storage.
